It is proved in HL] that Darcy's law can be obtained, in fact, from the more complete equation (1.1) time-asymptotically. Namely, solutions of (1.1) tend to those of (1.2) as the time t tends to in nity. In other words, nonlinear di usive phenomena in the solutions of (1.1) is discovered in HL] where the di usion e ect created by the damping is studied for solution without shock waves. In the case when shock waves may develop in the solution of (1.1) with rough data, it is expected that (1.2) would still model the time-asymptotic behavior of (1.1).
As a part of the program to prove this expectation we study rst the discontinuous initial value problem of (1.1), namely (u 0 (x); v 0 (x)) = 8 < :
(u ? (x); v ? (x)); for x < 0 (u + (x); v + (x)); for x > 0 (1:3) where u (x); v (x) are smooth function such that lim x!0 (u (x); v (x)) = (u ; v ) with v > 0. This kind of discontinuous initial value problem is signi cant in the qualitative theory of solutions for inhomogeneous hyperbolic systems and in the applications as well.
For the system without the damping term, i.e. For the system (1.1) with damping term, however, the Riemann problem is much more complicated since there is no self-similar solution anymore, and has not been well studied in the literature.
We investigate the perturbated Riemann problem (1. Under certain restriction on the perturbation in (u ? (x); v ? (x)) and (u + (x); v + (x)), we prove that the problem (1.1), (1.3) admits a unique global discontinuous solution on t 0 in a class of piecewise continuous and piecewise smooth functions which only contains two entropy shocks |-a backward shock and a forward shock. The shocks do not disappear for any nite time and do disap-pear with the strength decay exponentially fast when time t tends to in nity.
we prove the result for unperturbated Riemann data with = 1 in Section 2 rst. The result for perturbated Riemann data with = 1 is obtained in Section 3. The last section concerns to the case when is nearly 1.
For general Cauchy problem of inhomogeneous hyperbolic systems, the discussion on the existence of weak solutions can be also found in DH] By the local existence theorem in LY], this discontinuous initial value problem (1.1) (2.1) admits a unique discontinuous solution at least on a local domain R( ) = f(t; x) j 0 t ; ?1 < x < 1g in a class of piecewise smooth functions and this solution contains only a backward shock x = x 1 (t) and a forward shock x = x 2 (t) passing through the origin. In view of the entropy condition on the initial discontinuities, it is known that x = x 1 (t) must be located on the left side of x = ? (t) while x = x 2 (t) on the right side of both x = + (t) and x = x 1 (t). Therefore, the solution on the left side of x = x 1 (t) and on the right side of x = x 2 (t) will be furnished by (r ? (t; x); s ? (t; x)) and (r + (t; x); s + (t; x)) respectively, and one is required to solve the following free boundary problem on the angular domain R = f(t; x) j t 0; x 1 (t) x x 2 (t)g for (1.1) in order to construct the globally de ned discontinuous solution for (1.1) (2.1) which contains only two shocks.
(FBP): On the free boundary x = x 1 (t)(x 1 (0) = 0) s(t; x 1 (t)) = s ? (t; x 1 (t)) + h 1 (r(t; x 1 (t)) ? r ? (t; x 1 (t))) dx 1 (t) dt = f 1 (s(t; x 1 (t)) ? r(t; x 1 (t)); s ? (t; x 1 (t)) ? r ? (t; x 1 (t))) (2:16) On the free boundary x = x 2 (t)(x 2 (0) = 0) r(t; x 2 (t)) = r + (t; x 2 (t)) ? h 2 (s + (t; x 2 (t)) ? s(t; x 2 (t))) dx 2 (t) dt = f 2 (s + (t; x 2 (t)) ? r + (t; x 2 (t)); s(t; x 2 (t)) ? r(t; x 2 (t))) (2:17) where (f 1 ; h 1 ) and (f 2 ; h 2 ) are de ned in (2.11) and (2.12) respectively. Moreover, the entropy condition has to be satis ed on the free boundaries, namely, On x = x 1 (t); (s ? r)(t; x 1 (t)) > (s ? ? r ? )(t; x 1 (t)) On x = x 2 (t); (s ? r)(t; x 2 (t)) > (s + ? r + )(t; x 2 (t)) 0 on x = x 2 (t) respectively. These estimates imply an additional estimate v v 0 in the whole domain R. The above assumptions can be guaranteed, in fact, if one changes the number on the right side of condition A into a smaller number, say, any number which is less than or equal to 7.15.
For proving this theorem, we need the following lemmas.
Lemma 2.3. Suppose that the classical solution of (1.1) (2.16) (2.17) exists in R(T) : f(t; x) j 0 t T; x 1 (t) x x 2 (t)g, then it holds along ] on x = x 2 (t) for x 2 (T 0 ; T ]. Thus, for any point (t 1 ; x 2 (t 1 )) with t 1 2 (T 0 ; T ], the corresponding forward characteristic x 2 ( ; t 1 ; x 2 (t 1 )) will meet x = x 1 (t) at (t 2 ; x 1 (t 2 )) with t 2 T 0 if is small enough. Therefore, it holds at (t 1 ; x 2 (t 1 )) that 0 < v ? Similarly, for any point (t 1 ; x 1 (t 1 )) with t 2 (T 0 ; T ], the corresponding backward characteristic x 1 ( ; t 1 ; x 1 (t 1 )) will meet x = x 2 (t) at (t 2 ; x 2 (t 2 )) with t 2 T 0 , and it holds at (t 1 ; x 1 (t 1 )) that 0 < v ? Without loss of generality, we assume that 0 < v (x) < 1; u (x) > 0 (3.2)
We will construct the global discontinuous solution for ( 1.1 Similar to section 2, by using the initial data on x 0 and x 0 we solve the corresponding initial value problem for (1.1). Furthermore, by the similar argument as used in Lemma 2.5, it is not di cult to prove It is the same as in section 2 that the discontinuous initial value problem (1.1) (3.1) admits a unique discontinuous solution at least on a local domain R( ) in a class of piecewise smooth functions and this solution contains only a backward shock x = x 1 (t) and a forward shock x = x 2 (t) passing through the origin. Moreover, the solution on the left side of x = x 1 (t) and on the right side of x = x 2 (t) is furnished by (r ? (t; x); s ? (t; x)) and (r + (t; x); s + (t; x)) respectively, and one is required to solve the same free boundary problem (FBP) on the angular domain R as in section 2 in order to construct the globally de ned discontinuous solution for (1.1) (3.1) which contains only two shocks.
Lemma 3.3. Suppose that the classical solution of (1.1) (2.16), (2.17)
